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LIQUID CRYSTAL DISPLAY GAMMA CORRECTION 

This invention relates to projection displays, and more particularly to LCD 
panel projectors and gamma correcting for liquid crystal projectors, displays, and the like. 
5 Color imaging systems such as computers and televisions have used cathode 

ray tubes (CRTs) for many years to produce "moving" color images. However, the desire 
for low power consuming imaging systems, both for lightweight applications such as 
portable computers and for large-screen televisions, has spurred the development of 
numerous alternatives, specifically including Liquid Crystal Display (LCD) projectors. 

1 0 Recent LCD projectors operate by separating white light into primary components (usually 
red, blue and green), individually modulating the primary components in accord with color 
information derived from incoming data signals, and then projecting the modulated color 
information onto a viewing screen to produce a desired fiill color image. It should be noted 
that LCD projectors typically use one or more LCD panels to modulate the primary 

1 5 components. Advanced LCD projectors use only one LCD panel modulator and are 
referred to as single-panel LCD projectors. 

An LCD panel is comprised of a liquid crystal material that is sandwiched 
between two plates. The two plates include various structures, such as conductors, 
electrodes, and switching elements, that interact with the liquid crystal material to form a 

2 0 plurality of picture elements (pixels) that are arranged in a matrix of m horizontal rows and 
n vertical columns. In the case of Liquid Crystal on Silicon (LCoS) panels, one of the 
plates is a silicon chip with an active matrix in which each pixel is individually 
addressable. A voltage applied across a pixel induces the liquid crystal material at that 
pixel to undergo a phase change that changes the light polarization vector through the 

2 5 pixel. By varying the voltage, the light polarization at the pixel can be controlled. By 

incorporating a polarization filter the light from a pixel can be controlled between light and 
dark limits. Light intensities between the light and dark limits are referred to as gray scales. 

Imaging systems that accurately produce a desired color image are highly 
desirable. Unfortunately, accurately producing a color image is difficult to do. This is 

3 0 because of various factors such as the non-linear visual perception of observers, white light 

sources that do not produce the optimum color spectrum, light distortion produced by 
optical elements such as prisms, polarizers, filters, and lenses, inherent limitations of LCD 
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panel modulators, and electronic subsystems that have a limited ability to process the 
infinite range of possible colors. 

Limitations of LCD panel modulators and electronic subsystems overlap in 
the area of gamma correction. Incoming data signals are normally formatted on the 
5 assumption that the color image will be displayed on a CRT, a device that has a 

pronounced non-linear luminance-voltage transfer response. On a CRT display, the 
incoming data signals would produce red, green, and blue light outputs or luminance 
values that each vary in accord with a power law function such as L=kV 2,2 , where k is a 
constant, L is luminance, and V is voltage. The exponent, 2.2, is typically referred to as 

10 the gamma of the display. This brightness-to-voltage power law function is a desired 

characteristic for a display. However, LCD panel modulators do not follow that power law 
function. Thus, to produce the desired luminance LCD projectors typically include gamma 
correction, usually in the form of gamma look-up tables, one table for each of the primary 
(RGB) colors. The combination of the gamma look-up tables and the LCD display's non- 

1 5 linear luminance-voltage transfer response (referred to as the B-V response of the LCD 
panel) together should produce the desired power law function. 

Unfortunately, in single panel LCD/LCoS projectors, where multiple colors 
are sequentially scanned at a high frame rate, the analog voltage imposed upon a liquid 
crystal pixel depends not only upon the voltage determined by the gamma table, but also to 

2 0 a smaller extent on the voltage that was imposed upon the pixel for the previously driven 

color. This residual color dependency, also referred to as color crosstalk, produces a B-V 
response that causes color inaccuracies in the displayed image. Specifically, we could 
expect that if all three color data channels in a single-panel projector would meet the 
power-law curve requirement in the display, then for all gray drive levels (i.e. the R, G, and 
25 B data values provided to the projector are equal to each other with the intention to produce 
a neutral gray image), ideally the ratios of the three color light outputs would be the same 
at all gray drive levels, and that this would enable a desirable characteristic of grayscale 
tracking to be achieved on the display. But due to the interdependencies of the color drive 
voltages in the single-panel LCD/LCoS display we do not get perfect power-law tracking, 

3 0 and thus do not achieve good grayscale tracking. 

Thus, while gamma tables are beneficial, they have not been able to produce 
the color characteristics and grayscale tracking that are desired in high-quality single panel 
LCD/LCoS projectors. One reason for this is that the gamma tables have not contained 
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table values that accurately compensate for color crosstalk. A reason that the gamma table 
values have not produced the desired results is that a procedure for determining gamma 
table values that accurately compensate for color crosstalk has not been available. 

Therefore, a new procedure for producing gamma corrected values would 
5 be beneficial. Also beneficial would be gamma tables that convert applied (RGB) digital 
pixel data to gamma corrected (RGB) values that compensate for the previously displayed 
color. Even more beneficial would be a single-panel LCD projector that is gamma 
compensated in accord with the B-V characteristics of the LCD panel and with previously 
displayed colors. 

10 To address one or more of these issues, a method of producing gamma 

corrected values, described herein, uses initial, linearly derived tristimulus gamma values 
to produce tristimulus images, measures the tristimulus images, and obtains the brightness- 
voltage (B-V) characteristics of the images. Then a calculation process is performed in 
which new tristimulus gamma corrected values are calculated that produce a predetermined 

15 power-law response from* the obtained characteristics of the images, these newly calculated 
gamma corrected values are used to produce new tristimulus images, and these tristimulus 
images produced are measured and the brightness-data characteristics of the images are 
obtained. This calculation process is repeated until the gamma corrected values produce 
brightness-data characteristics that meet predetermined power-law characteristics. 

20 111 another aspect of the invention, a method of gamma correcting an LCD 

display as disclosed herein includes storing initial, linearly derived, RED, GREEN, and 
BLUE gamma values in RED, GREEN, and BLUE gamma tables. The linearly derived 
gamma values are used to produce RED, GREEN, and BLUE images using an LCD panel. 
The image characteristics are measured and the brightness-voltage (B-V) characteristics of 

25 the LCD panel are obtained. Those characteristics are used to determine RED, GREEN, 
and BLUE gamma correction values that produce a predetermined power-law response. 
The gamma correction values are stored and used to produce new images using the LCD 
panel. The image characteristics are measured, and the brightness-data characteristics of 
the LCD panel are determined using the new measurements. New gamma correction 

3 0 values are determined, stored, and used to produce images whose characteristics are 

measured. The process repeats until final gamma correction values, which produce LCD 
panel brightness-data characteristics that meet the predetermined power-law characteristics 
are obtained. The final gamma correction values are then stored for fixture use. 
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In yet another aspect of the invention, a projector disclosed herein 
comprises a set of three primary color gamma tables that convert pixel data into gamma 
corrected data for an associated primary color, an LCD panel modulator for selectively 
modulating input light beams in response to gamma correction data from the three primary 
5 color gamma tables; a light source that selectively applies three primary color light beams 
to the LCD panel modulator; an input system for producing primary color digital pixel data 
for each of the primary color gamma tables; and an imaging system for producing an image 
on a viewing screen from the modulating input light beams from the LCD panel modulator. 
The gamma correction data in each of the three primary color gamma tables is determined 
10 by one of the methods described above. 

In the drawings: 

Figure 1 represents a single-panel LCD projector that is usable with an 
embodiment of the invention; 

Figure 2 illustrates signal flow in a single-panel LCD projector such as the 
1 5 projector of Figure 1 ; 

Figure 3 is illustrative of a procedure used to determine gamma corrected 
values for a single-panel LCD projector in accordance with the invention; and 

Figure 4 illustrates how a particular algorithm determines gamma corrected 

values. 

2 0 Figure 1 represents a single-panel LCD projector 8 that has a gamma table 

for each primary color. The single-panel LCD projector 8 includes a controller 10 that 
controls the overall operation of the projector. During initialization, the controller 10 
retrieves gamma correction data from a memory 12. The controller 10 sends RED gamma 
correction data to a RED gamma table 14, GREEN gamma correction data to a GREEN 

2 5 gamma table 16, and BLUE gamma correction data to a BLUE gamma table 18, all via a 

data bus 17. The determination of the gamma correction data is explained in more detail 
subsequently. 

The controller 10 also controls the operations of a data input system 20, via 
a bus 15, and of a light source 21, via the data bus 17. The data input system 20 converts 

3 0 incoming data signals (such as television signals or signals from a computer) on a line 22 

to 8-bit (or more, if needed by the application and provided for in the display) color image 
signals Rdm, Gin, and B^ that represent the color image that is to be produced. Rum is 
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applied to the RED gamma table 14, G m is applied to the GREEN gamma table 16, and Bin 
is applied to the BLUE gamma table 18. 

Based on the gamma correction data from the memory 12, the RED gamma 
table 14 converts R m to gamma corrected RED data on a bus 24, the GREEN gamma table 
5 16 converts G^ to gamma corrected GREEN data on a bus 26, and the BLUE gamma table 
18 converts Bjn to gamma corrected BLUE data on a bus 28. Under the overall control of 
the controller 10, the gamma corrected RED, GREEN, and BLUE data selectively control 
the operation of an LCD panel modulator 30 by way of a bus 107 from the input system 20. 
The controller 10 controls the light source 21 such that RED light R, 

1 0 GREEN light G, and BLUE light B are sequentially applied to the LCD panel modulator 
30. In a first color sub-frame the RED light R is applied to the LCD panel modulator 30, 
which then modulates the RED light R in accord with the gamma corrected RED data to 
produce a modulated light beam 34. The modulated light beam 34 passes through an 
optical system 48 that sweeps the modulated light beam 34 across a viewing screen 50. In 

15 the next color sub-frame the GREEN light G is applied to the LCD panel modulator 30, 
which modulates the GREEN light G in accord with the gamma corrected GREEN data to 
produce the modulated light beam 34. In the next color sub-frame the BLUE light B is 
applied to the LCD panel modulator 30, which then modulates the BLUE light B in accord 
with the gamma corrected BLUE data to produce the modulated light beam 34. By rapidly 

2 0 switching between RED, GREEN, and BLUE an observer sees a full color image on the 
viewing screen 50. In some single panel projection architectures the three-color sub- 
frames are simultaneously applied in a spatially offset format to the LCD panel modulator. 
Then, stripes or bands of light scroll across that panel in some given orientation. In any 
case, an observer perceives a full color image when the sub-frames are scanned at a high 

2 5 frame rate on the panel 

Figure 2 illustrates the applications of gamma corrected color data to the 
LCD panel modulator 30 in more detail. For convenience, Figure 2 specifically illustrates 
the application of gamma corrected RED data, but the other colors are processed similarly. 
First, a counter 102 receives timing signals from a precision clock (which is not shown for 

3 0 clarity) on a line 104. In response, the counter 102 produces a sequence of 256 digital 

values that are applied to the RED gamma table 14. These 256 clock periods together 
correspond to the drive time for one row of the display panel. In the case of a single-panel 
display, each row of the panel is driven by voltages for a single color at any instant in time, 
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and during the display frame period all the rows are driven in a sequential manner with the 
drive voltages for each of the three colors at appropriate times. As mentioned, the RED 
gamma table 14 stores gamma correction table values for the RED data. 

Still referring to Figure 2, the RED gamma table 14 maps the digital values 
5 from the counter 102 into a sequence of gamma corrected RED data values that have a 
fixed resolution, of 13 bits (one of 8192 possible values) for example. The gamma 
corrected RED data values are input to a digital-to-analog converter (DAC) 106, which is 
part of the LCD modulator 30. The DAC 106 converts the sequence of gamma corrected 
RED data values into discrete analog voltages that are applied to column drivers 108 (only 

1 0 three are shown for clarity, in practice there will be say 1280 column drivers 108, one for 
each column in the display). The column drivers 108 apply the analog voltages from the 
DAC 106 to the LCD panel's columns. For a specific column, when the desired red data 
value for that column is reached by the counter 102, a signal from the input system 20 
applied on a bus 107 to a switching matrix 109 causes a switch 1 10 to disconnect that 

1 5 column (the pixel on the given row for that column is represented by a capacitance 128) 

from its column driver 108. The applied voltage from the column driver 108 is retained on 
the capacitance 128 until the given row is driven by the specific color data for the next 
color sub-frame. Other columns (and pixels for the given row represented by capacitances 
129, 130, and so on) will continue to charge until their predetermined values are reached, at 

2 0 which time they are disconnected from their associated line drivers 108. 

The analog voltage retained by the capacitance 128 is selected to produce a 
particular grayscale. As previously indicated, the input signals on the line 22 (see Figures 
1 and 2) can be based on (i.e. precompensated to account for) a luminance-voltage 
transformation for a CRT. The input system 20 converts those input signals to digital pixel 

2 5 RGB data. However, the response of an LCD modulator 30 is very different than that of a 

CRT. Without gamma correction, the digital pixel RGB data is not suitable for driving the 
LCD modulator 30. Correcting the digital pixel RGB data to the analog voltage values for. 
generating correct luminance outputs for all gray levels is the task of the RED, GREEN, 
and BLUE gamma tables 14, 16, and 18, which transform the digital pixel RGB data values 

3 0 from the input system 20 to digital values that produce analog voltages from the DAC 106 

that produce the prescribed color and luminance on the viewing screen 50. Thus, the 
gamma tables compensate for the non-linear optoelectronic response of the LCD modulator 
30 to produce well-defined RGB luminance and color profiles. 
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Gamma tables can be generated using a single step procedure. First, a 
particular gamma table is loaded with digital values derived from a linear transfer function 
under the assumption that the LCD's analog voltages will then be linearly proportional to 
pixel data. Then, the LCD's non-linear optoelectronic response, often called the 
5 brightness-voltage curve (B-V curve), is determined by measuring the LCD's B-V 

response for each of the red, green, and blue colors using the linear red, green, and blue 
digital data values. It is desired that the overall response should follow a power-law 
function, i.e. the display should output defined red, green, and blue brightness levels based 
on a power-law curve (something like L = V 2 2 ), with the actual function being dependent 

10 on the LCD modulator panel 30. Then, the measured B-V curve is inverted, i.e. for the 256 
known or desired brightness levels based on the power-law curve, each corresponding to a 
specific 8-bit data value, gamma correction look-up table values that produce the required 
analog voltages are determined (generally by interpolation) and then stored for future use 
(such as in the memory 12). 

1 5 However, with single-panel LCD projectors it has become apparent that the 

single-step procedure is insufficient for state-of-the-art, high quality imaging. In fact, 
underlying non-idealities in LCD panel displays produce a deviation between the ideally 
calculated or desired brightness-data power-law curve and the measured brightness-data 
curve produced by the gamma correction tables generated by the single-step procedure. 

2 0 Such deviations are caused by the temporal dynamics of LCD panels in which the time 
required for the liquid crystal to change its orientation/twist depends upon the applied 
analog voltage. The analog voltage imposed upon a liquid crystal pixel depends not only 
upon the voltage determined by the gamma table, but also to a smaller extent on the 
voltage that was imposed upon the pixel for the previously driven color. Since single panel 

2 5 LCD projectors are scanned at a much faster rate than multiple panel LCD projectors, the 

drive time for each color is quite small and the rise/fall time of the brightness response is a 
significant portion of the total drive time. Therefore, these issues are more pronounced in 
single panel LCD projectors and lead to color inaccuracies in the displayed image. 

In accordance with the invention, more accurate gamma tables can be 

3 0 obtained in an iterative fashion. The initial, linearly derived RED, GREEN, and BLUE 

gamma table values are used to produce gray images (i.e. equal R, G, and B data values), 
and then the RED, GREEN, and BLUE luminance images output by the display are 
measured to obtain the brightness-data characteristics of the display. Then, new sets of 
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RED, GREEN, and BLUE gamma correction look-up table values are calculated so as to 
produce a suitable brightness-data power-law response. Then, the newly calculated gamma 
correction values are used to produce new gray images, which are again measured to 
determine the RED, GREEN, and BLUE brightness-data characteristics. Errors in the 
5 brightness-data responses are then determined and used to calculate new RED, GREEN, 
and BLUE gamma correction values that provide a closer match to the desired power-law 
response. The process of using the newly calculated gamma correction values to produce 
images, measuring the images to find the brightness-data response, and using the errors to 
obtain new gamma correction values, continues iteratively until the brightness-data 

1 0 characteristics of the display matches the desired power-law characteristics and until the 
display's grayscale tracking meets the desired performance levels. 

The principles of the invention further allow for single-panel LCD 
projectors, such as depicted in Figure 1, that have improved gamma correction. Improved 
gamma correction is beneficially achieved by using RED, GREEN, and BLUE gamma 

1 5 tables that store gamma correction values produced by an iterative procedure. The iterative 
procedure includes using initial, linearly derived RED, GREEN, and BLUE gamma data to 
produce an image using an LCD panel modulator. Then, measuring the RED, GREEN, 
and BLUE images to obtain the brightness-data characteristics of the LCD panel 
modulator. Then, calculating RED, GREEN, and BLUE gamma correction values that 

2 0 produce a suitable power-law response. Then, using the newly calculated gamma 

correction values to produce new images using an LCD panel modulator, which are again 
measured to determine the RED, GREEN, and BLUE brightness-data characteristics. 
Errors in the brightness-data responses are then determined and used to calculate new 
RED, GREEN, and BLUE gamma correction values that provide a closer match to the 

2 5 desired power-law response. The process of using the newly calculated gamma correction 

values to produce images using the LCD panel modulator, measuring the image to find the 
brightness-data response, and using the errors to obtain new gamma corrected values 
repeats until the brightness-data response characteristics of the display matches the desired 
power-law characteristics and until the display's grayscale tracking meets the desired 

3 0 performance levels. Beneficially, the gamma correction values that produce an acceptable 

brightness-data response characteristic are stored for fixture use, such as in the memory 12. 

Reference will now be made in detail Figure 3, which illustrates a procedure 
200, which is in accord with the present invention, to determine gamma correction values 
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for gamma tables (such as the gamma tables 14, 16, and 18 in Figure 1). As shown, the 
procedure starts, step 202, and continues by loading RED, GREEN, and BLUE gamma 
tables with linearly derived gamma values, step 204. Then, the luminance (brightness) and 
color properties of the LCD panel modulator 30 (see Figure 1) are measured using the 
linear gray image values, step 206. 

The measurements of the luminance (brightness) and color properties 
(effectively measuring the brightness-data response of the panel to each of the color 
channels), together with the properties of the DAC 106 (see Figure 2), are used to obtain 
the B-V response of the LCD panel modulator. Based on the obtained B-V response, new 
sets of gamma correction values are calculated and loaded into the RED, GREEN, and 
BLUE gamma tables, step 208. Thus, initially the procedure 200 is similar to the single- 
step procedure. However, unlike the single-step procedure, the gamma correction values 
calculated in step 208 are used to produce new gray images on the LCD panel. The 
resulting luminance and color characteristics of the new images are measured, step 210 in a 
similar manner as the measurements of step 206. A determination is then made as to 
whether the LCD panel is gamma corrected within acceptable limits, step 212. In a 
subjective sense, acceptable limits are beneficially set such that the LCD panel's gamma 
corrections are sufficiently accurate that a trained observer would find images produced by 
the LCD panel of high quality. In objective terms, acceptable limits are set by determining 
an error criterion comparing the measured brightness-data response of the display for all 
three colors with respect to the ideal or desired power-law brightness-data response. 

If the determination is that gamma correction is not within acceptable limits, 
then the procedure 200 iteratively loops back to step 208 to calculate and load new RED, 
GREEN, and BLUE gamma correction values into the tables. Preferably, the new RED, 
GREEN, and BLUE gamma correction values are calculated based on errors found in step 
212. That is, the algorithm used to obtain the new gamma table values uses errors between 
the measurements taken in step 210 and the desired power-law response. Then, the newly 
calculated gamma correction values are used to drive the LCD panel (step 208), and new 
luminance and color measurements are made (step 210). A new determination is made as 
to whether the LCD panel is gamma corrected within acceptable limits, set 212. If not, the 
procedure repeats. However, if the determination is made in step 212 that the LCD panel 
30 is gamma corrected within acceptable limits, the procedure 200 stops, step 214. 
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It should be noted that the procedure 200 does not require additional or new 
equipment as compared to the single-step procedure. However, a new algorithm that 
calculates gamma correction values based on the errors determined in step 212 is 
beneficial. That algorithm, which will depend on the particular system being gamma 
corrected, will be easily arrived at by those skilled in the applicable arts after taking into 
consideration the desired result, the available measurement equipment, the selected 
acceptance criteria, and the particular system being gamma corrected. However, to assist 
others, a procedure that is beneficial to the assignee of the present now will be described. 

It should be noted that the final gamma tables provide a desired transfer 
function from gray level (G) to normalized luminance (Ld) using an idealized power-law 
response: 

Ld(G)=(G/255) Y (1) 

Although equation 1 is conceptually correct, in practice the luminance never 
goes to 0 for gray level 0 (the black state). This is because of a finite contrast value for 
each R, G, or B channel. Therefore, in practice, Equation 2 is used: 

L d (G)=Lo +LKG/255) 7 (2) 
where Lo and Lj are respectively offset and gain factors used to model the minimum 
luminance and the luminance dynamic range for any color. 

In reality the measured luminance response deviates from the desired 
power-law response. However, the iterative gamma table update procedure described 
above compensates for that deviation. First, initial gamma table values, designated g 0 (x), 
are loaded into the gamma tables, where the subscript 0 refers to the iteration number. The 
next set of gamma table values is gi(x), and so on. The initial gamma table values are 
linear and monotonic. The measured luminance output of the display as a function of a 
gray level G(x) is written as L^x), while the desired luminance function is written as 
La(x). 

With g 0 (x) loaded into the tables the luminance responses L^x) for a set of 
at least 25 gray levels G(x) (possibly equally spaced) that range from 0 to 255 are 
measured. For example, the gray levels could 0, 10,20,30, .... 240, 250, and 255. The 
luminance responses are either for a single color (red, green or blue), or a measurement 
device that determines the red, green and blue luminance components from a single color 
measurement can be used. Each color's maximum luminance is normalized such that the 
function Lm(x) reaches a maximum of 1.0 at gray level G(255). 
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Figure 4 illustrates a gamma table curve, g„(x) as well as normalized L„,(x) 
and normalized Ld(x) curves for a single color as functions of gray levels that range from 0 
to 255. The four steps shown (Step 1 to Step 4) outline an algorithmic procedure to update 
a gamma curve from a current iteration so that the next iteration in the measurement of the 
brightness-data curve will more accurately match the desired brightness-data curve. An 
estimate of the "fit" of the results of the gamma table values to the desired power law could 
be found by comparing L,„(x) with Ld(x). Ideally the two curves should overlap, but as 
previously suggested, some errors can be expected at some or all gray levels. 

To update the gamma table and therefore improve the fit, we describe the 
four steps shown in Figure 4. We first select a single gray level (G =128, for example) 
from 0 to 255. The desired normalized light output for this gray level, labeled L d (shown as 
the result of Step 1 in Figure 4), is calculated using the desired power-law function of 
equation 2. 

Next, the gray level G d that produces the desired light output U from the 
current gamma table for the selected gray level G, is calculated by means of a reverse 
interpolation procedure using the measured brightness-data curve Lni(x). Reverse 
interpolation implies that the measured luminance is the independent variable and the 
calculated gray level G d is the dependent variable. The interpolation procedure interpolates 
the value from the L^x) curve to calculate G d . This is shown as Step 2 in Figure 4. It 
should be noted that, due to interpolation, the calculated gray level G d will not necessarily 
be an integer value; thus it preferably has a floating-point representation between 0 and 
255. Note that the function Ln,(x) must be monotonic for the reverse interpolation to work 
properly. However, if the original table values g 0 (x) are selected properly, the luminance 
function L^x) will be monotonic. This implies that the light output desired for gray level 
G is equal to the light produced by gray level G d when using the current gamma table, 
mathematically Ld(G) = L^GO. For our example, if G=128 was selected in Step 1, then 
the desired light output for gray level G=128 was actually produced by the gamma table 
entry for gray level G d ; this value may be slightly different from the gray level value of 
128, but could be greater or smaller depending upon the error in the fit of the 
measurements to the desired power law. 

Next, for the calculated gray level G d , the gamma table value for the next 
iteration is found using the currently loaded gamma table - the curve g„(x) in the upper 
quadrant of Figure 4 represents the currently loaded gamma table. This is performed by 
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interpolating the current gamma table voltage values g„(x), to find an updated gamma table 
entry, shown as V d , for the gray level G d . This is shown as Step 3 in Figure 4. This 
interpolation is quite simple because the current gamma table entries are monotonic, so all 
that is required is to interpolate a new entry using entries in the gamma table nearest the 
calculated gray level G d . One could use linear interpolation or low-order 
polynomial/spline interpolation for this calculation. 

Next, Step 4 in Figure 4 assigns this gamma table entry, V d , to form the next 
iteration's gamma table g„+i(x) entry for gray level G. 

In summary, Steps 1 to 4 demonstrate how we can calculate an updated 
gamma table entry, V d , for a selected gray level G given an existing gamma table g n (x), a 
desired brightness-data curve, L d (x), and a curve representing measurements, L^x), of the 
brightness-data for the existing gamma table. If we repeat Steps 1 to 4 for all gray levels 
from 0 to 255, we can calculate new gamma table entries for each of the gray levels and 
therefore generate a new gamma table curve gn+1 (x). The new gamma table curve, when 
loaded into the projector's electronics, will provide a more accurate match to the desired 
brightness-data curves than the previous gamma table. The process then iterates to create a 
gamma table that meets the error criteria. 

The embodiments and examples set forth herein are presented to explain the 
present invention and its practical application and to thereby enable those skilled in the art 
to make and utilize the invention. Those skilled in Ihe art, however, will recognize that the 
foregoing description and examples have been presented for the purpose of illustration and 
example only. Other embodiments, variations of embodiments, and equivalents, as well as 
other aspect, objects, and advantages of the invention, will be apparent to those skilled in 
the art. For example, while the foregoing has described using three primary light colors, 
the general scheme is also applicable to systems that use more light colors. Thus, the 
principles of the present invention can be obtained from a study of the drawings, the 
disclosure, and the appended claims. 



